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STEERING GEAR FOR A VEHICLE,
VEHICLE, METHOD FOR CONTROLLING A
STEERING GEAR AND METHOD FOR
STEERING A VEHICLE

FIELD OF THE INVENTION

The present invention relates to a steering gear for a
vehicle, to a vehicle, to a method for actuating a steering
gear, and to a method for steering a vehicle.

BACKGROUND INFORMATION

A vehicle has a steering gear, by which a rotational
movement ol a steering column 1s converted into a move-
ment of a steering rod coupled to a wheel for steering.

Against this background, with the approach proposed

here, a steering gear for a vehicle, a vehicle, a method for
actuating a steering gear for a vehicle and a method for
steering a vehicle, as per the description herein, are pro-
posed. Advantageous refinements and improvements of the
device specified herein are possible by the measures speci-
fied in the further descriptions herein.

SUMMARY OF THE INVENTION

A steering gear for a vehicle 1s proposed, wherein the
steering gear has the following feature:

a linear drive with at least one displacement element
which 1s displaceable substantially along a vehicle longitu-
dinal axis of the vehicle and which 1s fastenable to a steering
drag link of the vehicle, wherein the linear drive 1s config-
ured to convert a rotational movement of a steering column
of the vehicle into a movement of the displacement element
substantially along the vehicle longitudinal axis.

A vehicle may be understood for example to mean a motor
vehicle, 1n particular a utility vehicle. The steering gear may
for example be arranged on a frame of the vehicle and,
depending on the embodiment, may be connected thereto 1n
a fixed manner or movably 1n at least one direction. A linear
drive may be understood to mean a drive for generating a
linear movement. For example, the linear drive may be
realized as a spindle drive, 1n particular as a ball screw drive
with a recirculating ball spindle, or as a toothed-rack drive
for converting a rotational movement into a linear move-
ment. A steering drag link may be understood to mean a rod
for the articulation of a wheel, which can be turned about a
steering axis, of the vehicle. The wheel may for example be
arranged on a rigid axle of the vehicle. The steering drag link
may for example be movable substantially parallel to the
vehicle longitudinal axis or parallel to a longitudinal link of
the vehicle. The displacement element may for example be
a toothed rack, a spindle or a spindle nut that can be screwed
together with the spindle. The spindle nut may for example
be configured as a recirculating ball nut. Here, the steering
drag link, 1n particular for example an end section, facing
toward the displacement element, of the steering drag link,
may, depending on the embodiment, be fastened to the
displacement element 1n a ngid manner or movably 1n at
least one direction. It 1s thus possible for the displacement
clement and the steering drag link to be coupled to one
another such that a linear movement of the displacement
clement 1s converted directly, that 1s to say without a further
conversion ol movement, for example by a steering pitman
arm, 1mto a linear movement of the steering drag link. A
steering column may be understood to mean a rod-like or
tubular member for mechanically coupling the steering gear
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2

to a steering wheel of the vehicle. The steering column may
for example be configured as a cardan shatt.

The approach proposed here, of a steering system, 1n
particular of a utility vehicle steering system with linear
actuator, 1s based on the realization that a linear actuator of
a vehicle steering arrangement can be configured to generate
a linear movement in a longitudinal direction of the vehicle.
By a direct mechanical coupling of a displacement element
of the linear actuator to a steering drag link of the vehicle,
the linear movement generated by the linear drive can be
converted directly mnto a linear movement of the steering
drag link. Such a combination of a linear actuator, which can
for example be installed on a frame fixedly 1n a longitudinal
direction 1n the vehicle, with a steering drag link offers the
advantage, 1n particular 1n conjunction with an installation
fixedly with respect to a frame 1n rigid-axle vehicles, that the
number of intermediate elements and gear stages in the
steering gear can be considerably reduced. Furthermore, 1n
this way, the forces and moments acting in the steering gear
can be reduced, whereby the overall play 1n the steering gear
can be reduced, the service life of wear-atfllicted parts can be
increased, Iriction losses in the steering gear can be mini-
mized, and costs and weight of the steering gear can be
reduced.

For example, the linear actuator may be installed longi-
tudinally with respect to a longitudinal axis of the vehicle,
and connected by the steering drag link to a steering lever of
a wheel. Here, the linear actuator may for example be
installed on a frame beam. Owing to the connection by the
steering drag link, the kinematics of a linear drive of said
type are suitable 1n particular for rigid axles, because, with
the steering drag link and a longitudinal link of an axle
suspension, a parallelogram can be at least approximately
formed, such that spring-compression movements of the
axle do not give rise to a seli-steering action.

In one embodiment, the linear drive may be realized as a
toothed-racked drive with a toothed rack as displacement
clement. In addition, or alternatively, the linear drive may be
realized as a ball screw drive with a spindle and a spindle
nut. Here, either the spindle or the spindle nut may function
as the displacement element. It 1s alternatively possible for
both the spindle and the spindle nut to function as the
displacement element. For example, the spindle may be
configured to be displaced substantially along the vehicle
longitudinal axis as a result of rotation of the spindle nut,
wherein the spindle nut 1s positionally fixed. Conversely, the
spindle nut may be configured to be displaced substantially
along the vehicle longitudinal axis as a result of rotation of
the spindle, wherein the spindle 1s positionally fixed. The
toothed rack may for example be configured to mesh with a
pinion arranged on the steering column. By this embodi-
ment, the linear drive can be realized in a highly robust
manner and with only a small number of moving parts.

Here, the toothed rack may be formed so as to receive the
spindle and to be displaced substantially along the vehicle
longitudinal axis as a result of a rotational movement of the
spindle. For this purpose, the toothed rack may have a recess
for receiving the spindle. The spindle may be capable of
being screwed together with the recess. In particular, the
toothed rack may be formed here as a recirculating ball nut,
such that a rotational movement of the spindle generates a
linear relative movement between the toothed rack and the
spindle. Here, the spindle may be arranged positionally
fixedly 1n the steering gear. The spindle may for example be
configured to be mechanically coupled to a drive unit, for
example an electric motor. By this embodiment, a twofold
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drive of the toothed rack, on the one hand by the steering
column and on the other hand by the spindle, 1s made
possible.

It 1s advantageous 1f the steering gear has a transmission
gearing for converting the rotational movement of the steer-
ing column 1nto a rotational movement of the spindle and,
additionally or alternatively, of the spindle nut. In this way,
a rotation of the steering column toward the spindle or
spindle nut can be increased.

The transmission gearing may advantageously be realized
as a spur-wheel gearing or bevel-wheel gearing. The spur-
wheel gearing or bevel-wheel gearing may for example be a
single-stage gearing. By this embodiment, the transmission
gearing can be produced mexpensively. Furthermore, 1n this
way, Iriction losses can be reduced.

In a further embodiment, the steering gear may have at
least one drive unit for driving the displacement element.
The drnive umit may for example be an electric motor, for
example 1 the form of a steering servo. In this way, an
expenditure of force for rotating the steering column can be
reduced.

It 1s advantageous here 11 the drive unit and the displace-
ment element are coupled to one another by at least one
toothed belt or one spur wheel or one internally-toothed
wheel, or a combination of at least two of the three stated
clements. This embodiment permits a transmission of force
between the drive umt and the displacement element with
low losses and with little wear.

In a further embodiment, the steering gear may be realized
with the steering drag link. In this way, the steering drag link
can be acted on with a force required for the steering action.

In a further embodiment, the steering drag link and the
displacement eclement may be arranged coaxially with
respect to one another. Here, the steering drag link and the
displacement element may be rigidly connected to one
another. In this way, the number of moving parts 1n the
steering gear can be reduced to a mimmimum. For example, the

steering gear may 1n this case be arranged pivotably in the
vehicle.

It 1s advantageous 1f the steering drag link 1s connected
pivotably to the displacement element by a joint. The joint
may for example be a ball joint. In this way, the steering gear
can be 1nstalled fixedly in the vehicle.

The approach proposed here furthermore provides a
vehicle having the following features:

a steering column;

a steering drag link; and

a steering gear according to one of the above embodi-
ments, which 1s coupled to the steering column and to the
steering drag link.

In one embodiment, the steering gear may be arranged on
a frame of the vehicle. For example, the steering gear may
be fastened to a frame beam. Here, depending on the
embodiment, the steering gear may be installed fixedly or
pivotably on the frame. In thus way, the installation of the
steering gear can be simplified.

In a further embodiment, the steering drag link may be
arranged so as to span a parallelogram with a longitudinal
link of the vehicle during the displacement of the displace-
ment element. A longitudinal link may be understood to
mean a member for supporting a rigid axle of the vehicle in
the direction of the vehicle longitudinal axis. In the case of
axles with leal springs, 1t 1s also possible for the front part
of the leafl spring to serve as a longitudinal link. By this
embodiment, self-steering during spring-compression
movements of the rigid axle can be prevented.
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Furthermore, the approach described here provides a
method for actuating a steering gear according to one of the

above embodiments, wherein the method comprises the
following steps:

reading 1n a steering signal that represents a steering
movement; and

providing a control signal for controlling a drive unit for
driving the displacement element using the steering signal.

The steering signal may for example be a signal provided
by a steering moment sensor for detecting a steering
moment. Correspondingly, the control signal may be pro-
vided for controlling a rotational speed or a torque of the
drive unit 1n a manner dependent on the steering moment.

Finally, the approach proposed here provides a method for
steering a vehicle having a steering column, having a
steering drag link and having a steering gear coupled to the
steering column and to the steering drag link, wherein the
steering gear has a linear drive with at least one displace-
ment element which 1s displaceable substantially along a
vehicle longitudinal axis of the vehicle and which 1s fasten-
able to the steering drag link, wherein the method comprises
the following steps:

coupling a steering moment 1nto the steering gear via the
steering column; and converting the steering moment 1nto a
movement of the displacement element substantially along
the vehicle longitudinal axis by the linear drive.

Exemplary embodiments of the invention are illustrated 1n
the drawings and will be discussed 1 more detail 1n the
following description.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic illustration of a steering gear.

FIG. 2 1s a schematic illustration of a vehicle having a
steering gear from FIG. 1.

FIG. 3 1s a schematic illustration of a vehicle as per an
exemplary embodiment.

FIG. 4 1s a schematic illustration of a section of a vehicle
as per an exemplary embodiment.

FIG. 5 1s a schematic illustration of a section of a vehicle
as per an exemplary embodiment.

FIG. 6 1s a schematic illustration of a section of a vehicle
as per an exemplary embodiment.

FIG. 7 1s a schematic illustration of a transmission gearing,
as per an exemplary embodiment.

FIG. 8 1s a schematic illustration of a linear drive as per
an exemplary embodiment.

FIG. 9 1s a schematic illustration of a linear drive as per
an exemplary embodiment.

FIG. 10 1s a schematic illustration of a section of a vehicle
as per an exemplary embodiment.

FIG. 11 1s a schematic 1llustration of a steering gear from
FIG. 10.

FIG. 12 1s a schematic illustration of a steering gear as per
an exemplary embodiment.

FIG. 13 1s a schematic illustration of a steering gear as per
an exemplary embodiment.

FIG. 14 1s a schematic illustration of a steering gear as per
an exemplary embodiment.

FIG. 15 1s a schematic illustration of a cross section
through a steering gear as per an exemplary embodiment.

FIG. 16 1s a schematic illustration of a cross section
through a steering gear from FIG. 14.

FIG. 17 1s a schematic illustration of a cross section
through a steering gear.

FIG. 18 shows a flow diagram of a method for actuating
a steering gear as per an exemplary embodiment.
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FIG. 19 shows a flow diagram of a method for steering a
vehicle as per an exemplary embodiment.

DETAILED DESCRIPTION

In the following description of expedient exemplary
embodiments of the present invention, elements of similar
action that are 1llustrated 1n the various figures are denoted
by the same or similar reference designations, wherein a
repeated description of such elements will be omitted.

FIG. 1 1s a schematic illustration of a steering gear 100.
The steering gear 100 comprises an input shaft 102 which 1s
formed 1n sections as a spindle 101, a recirculating ball nut
106 which 1s arranged 1n the region of the spindle 101 and
which has an external toothing 104, a segmented toothing
110 which meshes with the external toothing 104 and which
1s arranged rotationally conjointly on an output shaift 108,
and a steering pitman arm 112 which 1s connected rotation-
ally conjointly to the output shaft 108 and which 1s con-
nected movably to a steering drag link 114.

Modern utility vehicle steering arrangements generally
comprise recirculating-ball-type steering gears. The kine-
matics of such an arrangement are particularly expedient for
utility vehicles, because these normally have a front axle in
the form of a ngid axle. If the longitudinal links of the front
axle and the steering drag link are of approximately equal
length and arranged substantially parallel to one another,
they form a parallelogram. In this way, spring-compression
movements of the front axle have no eflect or scarcely any
ellect.

It the steering gear 1s installed fixedly with respect to a
frame, length compensation 1n the steering column may be
realized for example owing to a corresponding relative
movement between a frame of the vehicle and a drivers’ cab.

In the steering gear 100 shown 1n FIG. 1, the rotation of
a steering wheel 1s transmitted via the steering column and
the mput shaft 102, which may for example be part of the
steering column, to a recirculating ball spindle 101. Thas
rotational movement 1s converted by the recirculating ball
nut 106 into a linear movement.

The steering gear 100 may optionally have a hydraulic
servo assistance arrangement. Here, the recirculating ball
nut 106 may be sealed ofl with respect to a housing of the
steering gear 100. The recirculating ball nut 106 can thus
function as a hydraulic piston. By the steering moment
introduced into the input shait 102 by the driver, it 1s for
example possible by a rotary slide valve for a pressure
difference to be bwlt up between the two sides of the
recirculating ball nut 106. The movement of the recirculat-
ing ball nut 106 can be assisted by the pressure diflerence.

FIG. 2 1s a schematic 1llustration of a vehicle 200 with a
steering gear 100 from FIG. 1. The recirculating ball nut has,
for example, a longitudinal toothing as an external toothing,
in which, in turn, the segmented toothing meshes. Thus, the
linear movement 1s 1n turn converted 1nto a rotation of the
steering pitman arm 112. At the end of the steering pitman
arm 112, the steering drag link 114 i1s in turn moved
predominately linearly. By the steering drag link 114, the
wheel 204 for steering 1s ultimately pivoted about the
steering axis by a steering lever 202 fastened to the wheel
carrier. Here, a further wheel 206 situated opposite the wheel
204 may be steered jointly by a knuckle arm 208 and a ngid
tie rod 210. Also 1llustrated 1s a vehicle frame 212 in the
form of two frame beams which are arranged parallel to one
another. A direction of travel of the vehicle 1s denoted by an
arrow.
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Since an eflective radius of the segmented toothing may
be approximately one quarter to one third smaller than an
cllective length of the steering pitman arm 112, a force
should be transmitted at the toothing between recirculating
ball nut and segmented toothing which 1s several times
higher than that which would be required for actuating the
steering drag link 114. That is to say, the steering gear 100
should be of a correspondingly solid and heavy configura-
tion, which can lead to high production costs and a high level
of wear. The multiplicity of transmission elements required
can result 1n relatively low efliciency and a high level of
hysteresis owing to the friction-afllicted connecting points.
Since the play between individual moving parts adds up, the
steering play can 1n particular increase over the service life.

It would for example be possible for the spindle to be
driven by an electromotive actuator. Here, the forces acting
on the recirculating ball nut, which forces are applied
predominantly by the hydraulics 1n the case of a conven-
tional steering assistance arrangement, could subject the
balls and, axially, the spindle to high load, which would
necessitate a correspondingly strong configuration of the
steering gear 100. It would alternatively be possible for the
clectromotive actuator to act directly on the output shaft.
This would however necessitate a multi-stage gearing
between actuator and output shait, which could lead to high
costs, reduced efliciency, noises and vibrations and
increased play.

By contrast to utility vehicles, in passenger motor
vehicles, use 1s normally made of a linear actuator in the
form of a toothed-rack steering arrangement installed on the
axle body transversely with respect to the direction of travel.
Here, the rotational movement of the steering column 1is
converted by a pinion directly 1nto a longitudinal movement
of the toothed rack. The toothed rack i1s seated transversely
between the front wheels and, via tie rods, acts directly on
the knuckle arms fixed to the wheel carriers, which knuckle
arms pivot the wheels. Owing to the small number of
transmission parts, this arrangement 1s rigid, lightweight and
exhibits little play. To avoid an undesired seli-steering
action, 1n particular changes 1n toe-in and toe-out, during
spring-compression and extension movements, 1t would
however be necessary for the toothed-rack steering gear to
be fastened directly to the axle. Since it 1s however the case
in heavy utility vehicles that the axle 1s a jointly suspended
rigid axle, a large amount of length compensation of the
steering column would be necessary.

Furthermore, it would be necessary for the steering col-
umn to be led between the wheels to the axle, which could
however lead to space problems in the case of a utility
vehicle, in which the engine and gearbox are generally
installed between the steering wheel and axle. Furthermore,
the steering gear 100 would thus be part of the unsprung
mass, and would be subject to correspondingly intense
vibrations.

FIG. 3 1s a schematic illustration of a vehicle 300 as per
an exemplary embodiment. The vehicle 300 1s equipped
with a steering gear 302 which comprises a linear drive 304
with a displacement element 308 which 1s displaceable
along a vehicle longitudinal axis 306 of the vehicle 300. A
steering drag link 310 for the articulation of a wheel 312 1s
fastened to the displacement element 308. The linear drive
304 1s configured to convert a rotational movement of a
steering column 314 1nto a linear movement of the displace-
ment element 308 along the vehicle longitudinal axis 306,
such that the steering drag link 310 1s likewise displaced,
and the wheel 312 1s correspondingly deflected. In one
exemplary embodiment, the steering drag link 310 1s con-
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nected directly to the displacement element 308. Therefore,
no lever element 1s necessary to transmit the movement of
the displacement element 308 to the steering drag link 310;
instead, the movement of the displacement element 308 1s
transmitted directly to the steering drag link 310. Here, a
surface of the steering drag link 310 may be 1n direct contact
with a surface of the displacement element 308.

FI1G. 4 1s a schematic 1llustration of a section of a vehicle
300 as per an exemplary embodiment. The vehicle 300 1s for
example a vehicle as described above on the basis of FIG.
3. In this exemplary embodiment, the displacement element
308 1s configured as a toothed rack. Here, the steering
column 314 1s for example connected to a pinion 400, which
meshes directly with the displacement element 308. An end
section of the steering drag link 310 1s connected to the
displacement element 308 in the form of the toothed rack,
such that the steering drag link 310 1s moved by the
displacement element 308. In one exemplary embodiment,
the steering drag link 310 and the displacement element 308
are movably connected to one another by a single ngid
connecting element, for example 1n the form of a pin or a
bolt, by which a linear movement of the displacement
clement 308 1s transmitted directly to the steering drag link
310.

Optionally, the vehicle 300 has an electric servo assis-
tance arrangement which, for example as per the exemplary
embodiment shown 1n FIG. 4, comprises an electric motor as
drive unit 402. The drive unit 402 1s configured to drive at
least one drive element 404, in this case a drive pinion,
which meshes with the displacement element 308. Alterna-
tively, the drive unit 402 1s configured to engage on the
steering column 314 and impart an assistance moment there.

In one exemplary embodiment, the steering gear 302 1s
tastened to a frame 406 of the vehicle 300, for example to
a frame beam.

FIG. 5 shows a section of a vehicle 300 as per an
exemplary embodiment. By contrast to FIG. 4, the vehicle
300 shown 1n FIG. 5 has a further drive unit 500, which 1s
configured to drive the displacement element 308, which 1s
realized as a toothed rack, by at least one further drive
clement 502, in this case likewise a further drive pinion,
which meshes with the displacement element 308. Here, the
two drive elements 404, 502 engage into one and the same
toothing side of the displacement element 308.

FIG. 6 shows a section of a vehicle 300 as per an
exemplary embodiment. By contrast to the vehicle shown 1n
FIG. 5, the displacement element 308 1s, in this exemplary
embodiment, arranged between the drive element 404 and
the further drive element 502. Here, the pimion 400 and the

drive element 404 mesh with a first toothing side 600 of the
displacement element 308. By contrast, the further drive
clement 502 meshes with a second toothing side 602,
situated opposite the first toothing side 600, of the displace-
ment element 308.

In a further exemplary embodiment, the linear drive of the
steering gear 1s realized as a spindle drive, 1n particular as a
recirculating-ball-type spindle drive, for moving the steering
drag link, as will be described in more detail below on the
basis of FIGS. 7 to 17.

FI1G. 7 1s a schematic illustration of a transmission gearing,
700 as per an exemplary embodiment. The transmission
gearing 700 1s configured to convert a rotation of an 1nput
shaft of the steering column 314 into a rotation of a spindle
702 of the linear drive. In this exemplary embodiment, the
transmission gearing 700 1s configured as a single-stage
bevel-wheel gearing with a first bevel wheel 704 fastened to

an end of the steering column 314 and with a second bevel
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wheel 706 which meshes with the first bevel wheel 704 and
which 1s fastened to an end of the spindle 702. By way of
example, the first bevel wheel 704 has a greater number of
teeth than the second bevel wheel 706. Thus, a rotation of the
steering column 314 i1s increased in the direction of the
spindle 702 by a transmission ratio predefined by the tw
bevel wheels 704, 706.

The transmission gearing 700 may alternatively be real-
1zed as a single-stage spur-wheel gearing.

FIG. 8 1s a schematic 1llustration of a linear drive 304 as
per an exemplary embodiment. The linear drive 304 1s for
example a linear drive described above on the basis of FIGS.
3 to 7. In this exemplary embodiment, the linear drive 304
1s realized as a recirculating-ball-type spindle drive with a
recirculating ball nut as spindle nut 800, and with the spindle
702 mounted rotatably in the spindle nut 800. The spindle
702 and the spindle nut 800 are arranged 1n a spindle drive
housing 802. Here, the spindle nut 800 1s mounted rotatably
in the spindle drive housing 802 by two spindle nut bearings
804, in this case rolling bearings. The spindle drive housing
802 1s formed with a stop 806 which serves for fixing the
spindle nut 800 in the direction of an axis of rotation 808 of
the spindle nut 800, such that the spindle 702 moves linearly
along the axis of rotation 808 1n the event of rotation of the
spindle nut 800. For this purpose, the spindle nut 800 1s for
example coupled by the transmission gearing (not shown
here) to the steering column. The spindle 702 thus functions
as displacement element.

In the exemplary embodiment shown in FIG. 8, the
spindle 702 has, on a spindle end averted from the trans-
mission gearing, a guide element 810, for example 1n the
form of a disk, which 1s displaceable 1n the spindle drive
housing 802 along the axis of rotation 808. An end of the
steering drag link 310, which 1s arranged coaxially with
respect to the spindle 702, 1s rigidly fastened, for example by
screw connection, to the guide element 810. Here, the
steering drag link 310 1s led through a housing opening 812
in the spindle drive housing 802. The guide element 810 may
likewise be regarded as displacement element.

The steering drag link 310 1s thus coupled to the steering
gear coaxially and in pivotably and rotationally fixed fash-
ion. Here, the steering gear may be connected pivotably at
one point to the frame of the vehicle. Owing to the coaxial
articulation of the steering drag link 310 together with a
pivotable mounting of the steering gear, it 1s possible to
avold a situation in which, aside from weight and inertia
forces, the steering gear 1s subjected to no load or only slight
load by transverse forces and bending moments. In this way,
the mounting of the linear guide can be made particularly
simple.

Here, the effective kinematics may change with the steer-
ing angle, because, 1 addition to the length of the steering
drag link 310, there 1s also a variable spacing of the
articulation of the steering drag link 310 to the center of
rotation, fixed with respect to the frame, of the steering gear.
The self-steering behavior during spring-compression
movements can thus be dependent on whether steering 1s
presently being performed to the left or to the rnight.

FIG. 9 1s a schematic illustration of a linear drive 304 as
per an exemplary embodiment. The linear drive 304 shown
in FIG. 9 corresponds substantially to the linear drive
described on the basis of FIG. 8, with the diference that the
linecar drive 304 shown in FIG. 9 has a spindle nut 910
which, by contrast to the spindle nut shown 1n FIG. 8, 1s not
rotatable about the axis of rotation 808 but 1s arranged in the
spindle drive housing 802 so as to be displaceable along the
axis of rotation 808. The linear movement of the spindle nut
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910 1s eflected by a rotation of the spindle 912 about the axis
of rotation 808. For this purpose, the spindle 912 1s for
example coupled by the transmission gearing as per FIG. 7
to the steering column. In FIG. 9, the spindle nut 910 thus
functions as displacement element.

The spindle drive housing 802 has an optional guide slot
900 for the guidance of the spindle nut 910 1n the spindle
drive housing 802. By way of example, the spindle nut 910
1s formed with three guide pegs 902, which are mounted
displaceably 1n the guide slot 900.

In this exemplary embodiment, the steering drag link 310
1s arranged outside the spindle drive housing 802 and 1is
connected 1n articulated fashion to the spindle nut 910
through the guide slot 900. The steering drag link 310 1s
screwed by way of a joint 904, 1n this case a ball joint, to a
central one of the three guide pegs 902.

Thus, the steering drag link 310 1s coupled pivotably by
the joint 904 to the steering gear. Here, the steering gear may
be connected fixedly to the frame of the vehicle.

The advantage of such an eccentric articulation of the
steering drag link 310 consists 1 that a parallelogram
tormed by the steering drag link 310 and a longitudinal link
of the vehicle has the same side length at any steering angle.
Furthermore, the steering gear, by virtue of the fact that it 1s
fixedly connected to the frame, forms part of the sprung
mass of the vehicle.

FIG. 10 1s a schematic illustration of a section of a vehicle
300 as per an exemplary embodiment. The vehicle 300 1s for
example a vehicle described above on the basis of FIGS. 3
to 9. In this exemplary embodiment, the steering gear 302
has a toothed rack 308 as displacement element 308,
wherein the toothed rack 308 1s formed so as to receive the
spindle 912. Here, the toothed rack 308 functions as a
recirculating ball nut, such that the toothed rack 308 1s
moved linearly, in this case substantially parallel to the
vehicle longitudinal axis 306, as a result of a rotational
movement of the spindle 912. The steering drag link 310 1s
tastened to the toothed rack 308.

In one exemplary embodiment, the mput shaft of the
steering column drives, by the pinion 400, the toothed rack
308, which 1s mechanically coupled to a rotating part of a
spindle drive that moves the steering drag link 310. Option-
ally, the rotating part 1s coupled to the drive unit 402, for
example an electric motor, 1n order to drive the rotating part.

FIG. 11 1s a schematic illustration of a steering gear 302
from FIG. 10. The illustration shows inter alia the displace-
ment element 308 1n the form of the toothed rack 308, the
pinion 400 that engages into a toothing of the toothed rack
308, and the spindle 912 which 1s mounted rotatably 1n the
toothed rack 308. The pinion 400, the toothed rack 308 and
the spindle 912 are arranged in the spindle drive housing
802. The toothed rack 308 is realized with a ball return
channel 1100 which 1s filled with balls and which 1s con-
figured to eflect a displacement of the toothed rack 308, and
thus of the steering drag link, along the axis of rotation 808
as the spindle 912 rotates. The axis of rotation 808 may for
example be oriented parallel to the vehicle longitudinal axis.

In this exemplary embodiment, the drive unit 402 1s
coupled by an optional spindle drive mechanism 1102, 1n
this case a bevel-wheel gearing, to the spindle 912. Here, an
end section, facing toward the spindle drive mechanism
1102, of the spindle 912 1s mounted rotatably 1n the spindle
drive housing 802.

FIG. 12 1s a schematic illustration of a steering gear 302
as per an exemplary embodiment. The steering gear 302
comprises a linear drive 304 as has been described above on
the basis of FIG. 9. In this exemplary embodiment, there 1s
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seated on the spindle 912 an internally toothed wheel 1200
which 1s configured to drive the spindle 912. For this
purpose, an internal toothing 1202 of the internally toothed
wheel 1200 1s coupled by the drive element 404 to the drive
unit 402.

In this exemplary embodiment, the linear drive 304 1s
coupled by the transmission gearing 700, for example a
bevel-wheel gearing described on the basis of FIG. 7, to the
steering column 314.

FIG. 13 1s a schematic 1llustration of a steering gear 302
as per an exemplary embodiment. The steering gear 302 1s
for example a steering gear as described above on the basis
of FIGS. 3 to 12. The steering gear 302 has a linear drive 304
similar to the linear drive described above on the basis of
FIG. 8, 1in the case of which the steering drag link 1s fixed
coaxially to the spindle 702.

In the exemplary embodiment shown i FIG. 13, the
spindle 702 1s arranged, so as to be displaceable along the
axis of rotation 808, 1n a spindle sleeve 1300 which 1s rigidly
connected to the spindle nut 800. For the gmidance of the
spindle 702 in the spindle sleeve 1300, 1t 1s for example the
case that an end section, averted from the steering drag link,
of the spindle 702 1s formed with two spindle guide elements
1302, which engage into, and are displaceable 1n, corre-
sponding spindle guide slots of the spindle sleeve 1300. The
spindle sleeve 1300 1s mounted 1n the spindle drive housing,
802, so as to be rotatable about the axis of rotation 808, by
a spindle sleeve bearing 1304, for example a two-road
deep-groove ball bearing.

An output element, 1n this case by way of example the
second bevel wheel 706 of the transmission gearing 700, 1s
fastened to an end, averted from the steering drag link, of the
spindle sleeve 1300. In this exemplary embodiment, the
second bevel wheel 706 1s of two-stage form 1n order to be
driven firstly by the first bevel wheel 704 coupled to the
steering column 314 and secondly by the drive element 404,
likewise formed as a bevel wheel, of the drive unit 402.
Here, a stage of the second bevel wheel 706 that 1s coupled
to the drive element 404 has for example a greater number
ol teeth than the drive element 404.

By a rotational movement of the spindle sleeve 1300, and
thus of the spindle nut 800, generated by the steering column
314 or the drnive unit 402, the spindle 702, and thus the
steering drag link fastened thereto, 1s displaced along the
axis of rotation 808 in accordance with the direction of
rotation.

FIG. 14 1s a schematic 1llustration of a steering gear 302
as per an exemplary embodiment. The linear drive 304
shown 1n FIG. 14 corresponds substantially to a linear drive
with displaceable spindle nut 910, as described above on the
basis of FIG. 9. In this exemplary embodiment, the spindle
912 15 coupled to the drive unit 402 by a toothed-belt drive
as spindle drive mechanism 1102. Here, 1t 1s for example the
case that the second bevel wheel 706 1s arranged coaxially
with respect to a toothed-belt pulley 1400, seated on the
spindle 912, of the spindle drive mechamism 1102.

FIG. 15 1s a schematic illustration of a cross section
through a steering gear 302 as per an exemplary embodi-
ment. The steering gear 302 corresponds for example to a
steering gear described above on the basis of FIG. 12. The
figure shows a cross section through the steering gear 302
transversely with respect to the axis of rotation 808. As can
be seen i FIG. 15, the spindle drive housing 802 1s of a
cylindrical configuration. Here, an inner wall surface of the
spindle drive housing 802 has two mutually oppositely
situated curved sections and two mutually oppositely situ-
ated straight sections. The spindle nut 910 has, on the sides
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facing the straight sections, 1n each case one corresponding
flattened portion, and on the sides facing the curved sections,
in each case one corresponding rounded portion. The guide
peg 902 for the articulation of the steering drag link 1s also
1llustrated.

FIG. 16 1s a schematic illustration of a cross section
through a steering gear 302 from FIG. 14. By contrast to
FIG. 14, however, the drive 1s realized by an internally
toothed wheel gearing as 1 FIG. 12. The figure shows a
cross section along a section line B-B shown 1n FIG. 15. The
cross section shown in FIG. 15 corresponds here to a cross
section along a section line C-C shown 1n FIG. 16.

FIG. 17 1s a schematic illustration of a cross section
through a steering gear 302 from FIG. 16. The figure shows
a cross section along a section line A-A shown 1n FIG. 15.

Exemplary embodiments of the present invention will be
described by way of example once again below on the basis
of the preceding figures.

In one exemplary embodiment, the spindle drive 1s con-
nected to the steering column 314 and to at least one electric
motor as a drive umt 402 for servo assistance.

Here, the steering drag link may, depending on the exem-
plary embodiment, be connected to the spindle 702 or to the
spindle nut 910.

The transmission of the moment from the drive unit 402
to the spindle 702 or spindle nut 910 1s realized for example
by a toothed belt. This offers the advantage of a low level of
noise generation, and a small amount of play. Here, 1t 1s also
possible for multiple toothed belts to be used for the trans-
mission of force.

A coupling by a spur-wheel gearing 1s also conceivable. A
spur-wheel gearing of said type oflers the advantage of a
high level of robustness and low production costs.

Furthermore, the coupling may be realized by an inter-
nally toothed wheel, as shown for example 1n FIGS. 16 and
17. In this way, a higher transmission ratio 1s made possible
in the same structural space. Furthermore, a greater number
of teeth are 1n engagement, whereby noises and vibrations
are reduced, and less wear occurs 1n relation to an external
toothing.

A direct drive of the spindle 702 or of the spindle nut 910
1s also possible. In this way, no teeth are 1n engagement, such
that noises and play and wear, 1n particular in the case of a
slight undulation of an engine torque, can be reduced to a
minimum.

An exemplary embodiment 1s particularly expedient in
which the steering drag link 1s coupled pivotably to the
spindle nut 910 by the joint 904, wherein the steering
column 314 drives the spindle 702 via a single-stage bevel-
wheel gearing, and the drive unit 402 drives the spindle 702
via a single-stage internally toothed wheel gearing.

FIG. 18 shows a flow diagram of a method 1800 for
actuating a steering gear as per an exemplary embodiment.
The method 1800 may for example be carried out 1n con-
junction with a steering gear described above on the basis of
FIGS. 3 to 17. Here, 1n a step 1810, a steering signal that
represents a steering movement 1s read in. In a further step
1820, a control signal for controlling a drive unit for driving
the displacement element i1s provided using the steering
signal.

FIG. 19 shows a flow diagram of a method 1900 for
steering a vehicle as per an exemplary embodiment. The
method 1900 may for example be carried out in conjunction
with a vehicle described above on the basis of FIGS. 3 to 18.
In a step 1910, a steering torque 1s coupled 1nto the steering
gear of the vehicle via the steering column of the vehicle. In
a step 1920, the steering moment 1s converted by the linear
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drive of the steering gear into a movement of the displace-
ment element of the linear drive along the vehicle longitu-

dinal axis.

If an exemplary embodiment comprises an “and/or” com-
bination between a first feature and a second feature, this 1s
to be read as meaning that the exemplary embodiment has,
in one embodiment, both the first feature and the second
feature and, 1n a further embodiment, either only the first
feature or only the second feature.

THE LIST OF REFERENCE DESIGNATIONS IS
AS FOLLOWS

100 Steering gear

101 Spindle

102 Input shaft

104 External toothing
106 Recirculating ball nut
108 Output shaft

110 Segmented toothing
112 Steering pitman arm
114 Steering drag link
200 Vehicle

202 Steering lever

204 Wheel

206 Further wheel

208 Knuckle arm

210 Tie rod

212 Vehicle frame

300 Vehicle

302 Steering gear

304 Linear drive

306 Vehicle longitudinal axis

308 Displacement element
310 Steering drag link

312 Wheel

314 Steering column

400 Pinion

402 Drive unit

404 Drive element

406 Frame

500 Further drive unit
502 Further drive element
600 First toothing side
602 Second toothing side
700 Transmission gearing,
702 Spindle

704 First bevel wheel

706 Second bevel wheel
800 Spindle nut

802 Spindle drive housing
804 Spindle nut bearing
806 Stop

808 Axis of rotation

810 Guide element

812 Housing opening

900 Guide slot

902 Guide peg

904 Joint

910 Spindle nut

912 Spindle

1100 Ball return channel
1102 Spindle drive mechanism
1200 Internally toothed wheel
1202 Internal toothing
1300 Spindle sleeve

1302 Spindle guide element

L]
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1304 Spindle sleeve bearing

1400 Toothed-belt pulley

1800 Method for actuating a steering gear
1810 Reading-in step

1820 Provision step

1900 Method for steering a vehicle

1910 Coupling-in step

1920 Conversion step

The 1nvention claimed 1s:

1. A steering gear for a vehicle, comprising:

an 1nput shaft having a spindle section;

a recirculating ball nut, adjacent the spidle section, and
having an external toothing;

an output shaft having a segmented toothing arranged
rotationally conjointly thereon, the segmented toothing
meshing with the external toothing;

a steering arm connected rotationally conjointly to the
output shaft and movably connected to a steering drag
link; and

a linear drive having at least one displacement element,
which 1s displaceable substantially along a vehicle
longitudinal axis of the vehicle and which 1s fastenable
to the steering drag link of the vehicle;

wherein the linear drive 1s configured to convert a rota-
tional movement of a steering column of the vehicle
into a movement of the displacement element substan-
tially along the vehicle longitudinal axis.

2. The steering gear of claim 1, wherein the linear drive
includes a toothed-rack drive with a toothed rack as dis-
placement element or a ball screw drive with a spindle
and/or a spindle nut as the displacement element.

3. The steering gear of claim 1, wherein the linear drive
includes a toothed-rack drive with a toothed rack as dis-
placement element, and wherein the toothed rack 1s formed
to receive a spindle and to be displaced substantially along,
the vehicle longitudinal axis as a result of a rotational
movement of the spindle.

4. The steering gear of claim 2, further comprising:

a transmission gearing for converting the rotational move-
ment of the steering column into a rotational movement
of the spindle or of the spindle nut.

5. The steering gear of claim 4, wherein the transmission
gearing includes a spur-wheel gearing or a bevel-wheel
gearing.

6. The steering gear of claim 1, further comprising:

at least one drive unit for driving the displacement ele-
ment.

7. The steering gear of claim 6, wherein the drive unit and
the displacement element are coupled to one another by at
least one toothed belt and/or one spur wheel and/or one
internally-toothed wheel.

8. The steering gear of claim 1, further comprising:

the steering drag link.

9. The steering gear of claim 8, wherein the steering drag,
link and the displacement element are arranged coaxially
with respect to one another, and wherein the steering drag
link and the displacement element are rigidly connected to
one another.

10. The steering gear of claim 8, wherein the steering drag
link 1s connected pivotably to the displacement element by
a joint.

11. A vehicle, comprising:

a steering column, which 1s an mput shatft:

a steering drag link; and

a steering gear, which 1s coupled to the steering column
and to the steering drag link;
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wherein the steering gear includes the input shaft, which
has a spindle section; a recirculating ball nut, adjacent
the spidle section, and having an external toothing; an
output shaft having a segmented toothing arranged
rotationally conjointly thereon, the segmented toothing
meshing with the external toothing; a steering arm
connected rotationally conjointly to the output shaft
and movably connected to the steering drag link,
wherein the steering gear includes a linear drive having at
least one displacement element, which 1s displaceable
substantially along a vehicle longitudinal axis of the
vehicle and which 1s fastenable to the steering drag link
of the vehicle, and
wherein the linear drive 1s configured to convert a rota-
tional movement of the steering column of the vehicle
into a movement of the displacement element substan-
tially along the vehicle longitudinal axis.
12. The vehicle of claim 11, wherein the steering gear 1s
on a frame of the vehicle.
13. The vehicle of claim 11, wherein longitudinal links of
a front axle and the steering drag link are of approximately
equal length and arranged substantially parallel to one
another so as to form a parallelogram, and wherein the
steering drag link 1s arranged to span the parallelogram
during the displacement of the displacement element.
14. A method for actuating a steering gear, the method
comprising:
reading 1n a steering signal that represents a steering
movement; and
providing a control signal for controlling a drive unit for
driving at least one displacement element using the
steering signal;
wherein the steering gear includes the mput shaft, which
has a spindle section; a recirculating ball nut, adjacent
the spidle section, and having an external toothing; an
output shaft having a segmented toothing arranged
rotationally conjointly thereon, the segmented toothing
meshing with the external toothing; a steering arm
connected rotationally conjointly to the output shatt
and movably connected to the steering drag link,
wherein the steering gear includes a linear drive having
the at least one displacement element, which 1s dis-
placeable substantially along a vehicle longitudinal
axis of the vehicle and which 1s fastenable to the
steering drag link of the vehicle, and
wherein the linear drive 1s configured to convert a rota-
tional movement of the steering column of the vehicle
into a movement of the displacement element substan-
tially along the vehicle longitudinal axis.
15. A method for steering a vehicle, the method compris-
ng:
coupling a steering moment into the steering gear via a
steering column, which 1s an mput shaft, wherein the
vehicle includes the steering column, a steering drag
link and a steering gear coupled to the steering column
and to the steering drag link, wherein the steering gear
has a linear drive with at least one displacement ele-
ment which 1s displaceable substantially along a
vehicle longitudinal axis of the vehicle and which 1s
fastenable to the steering drag link; and
converting the steering moment 1nto a movement of the
displacement element substantially along the vehicle
longitudinal axis by the linear drive;
wherein the steering gear includes the mput shaft, which
has a spindle section; a recirculating ball nut, adjacent
the spidle section, and having an external toothing; an
output shaft having a segmented toothing arranged
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rotationally conjointly thereon, the segmented toothing
meshing with the external toothing; a steering arm
connected rotationally conjointly to the output shaft
and movably connected to the steering drag link.
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